Three papers published in the year 2008 from my laboratory reported experiments and data indicating the therapeutic potential of phosphoethanolamine-bound C-reactive protein (PEtbound CRP) in atherosclerosis. The small-molecule compound PEt, which binds to CRP, could in itself be of therapeutic value. The first paper described the capability of PEt-bound CRP to capture native low-density lipoprotein (LDL) cholesterol in human serum [1] . The second paper described the potency of PEt-bound CRP to bind to a modified form of LDL called enzymatically-modified LDL (E-LDL). Although CRP alone could bind to E-LDL, the PEt-bound CRP was much more potent than unbound CRP in binding to E-LDL [2] . This paper also reported a previously unknown function of CRP. CRP, once bound to E-LDL, prevented the formation of E-LDL-loaded macrophage foam cells. The third paper further emphasized the importance of PEt-bound CRP and presented a review of the literature on the connection between CRP and atherosclerosis [3] .
prevent native LDL from becoming atherogenic, then levels in the circulation should not matter.
Under physiological conditions, native CRP does not bind to native LDL. Singh et al [1] exploited the property of CRP to bind to phosphocholine (PCh) and PEt, and blocked the PCh-binding site of CRP with PEt. They found that blocking of the PCh-binding site of CRP with PEt, but not with PCh, converted CRP into a potent molecule for binding to native LDL in whole human serum. Importantly, the PEt-bound CRP captured only native LDL, not HDL (high-density lipoprotein), in the serum. It is speculated that the LDL cholesterol circulating as CRPPEt-LDL complexes may not be modified into atherogenic LDL. Additionally, CRP-PEt-LDL complexes may be catabolized resulting in lowering the level of LDL cholesterol in the circulation. This is an assumption consistent with the finding that lipids rich in phosphatidylethanolamine isolated from natural gas-utilizing bacteria reduce plasma cholesterol levels [11] . Thus, the use of PEt-bound CRP might be an approach superior to the use of statins to target native LDL cholesterol.
The mechanism of action of PEt on CRP in converting CRP into a native LDL-binding protein is not known yet. It is hypothesized that PEt may be modifying CRP in some way because it has been shown that the modified forms of native CRP, such as monomeric CRP or the dissociated subunits of CRP, are capable of binding to native LDL. Interestingly, it has been demonstrated that when CRP is associated with a cell membrane (PEt is a constituent of cell membranes), the native pentameric CRP gets dissociated into monomers, and that monomeric CRP molecules are physiological and do exist in vivo [12] .
Targeting atherogenic LDL
Native CRP is known to bind to atherogenic forms of LDL, such as E-LDL and oxidized LDL (ox-LDL), which are constituents of atherosclerotic lesions [13] [14] [15] . Singh et al [2] reported that the PEt-bound CRP was much more potent than unbound CRP in binding to E-LDL. The binding of CRP to ox-LDL was also dramatically enhanced by PEt (J. A. Thompson and A. Agrawal, unpublished observations).
Singh et al [2] further showed that, in contrast to free E-LDL, the CRP-bound E-LDL was inactive because it did not transform macrophages into foam cells as determined by the staining of accumulated lipid droplets made up of cholesteryl esters. The function of CRP in eliminating the activity of E-LDL to form foam cells by binding to E-LDL was not impaired by the presence of PEt in the CRP-E-LDL complexes. Other laboratories have reported that CRP does not inhibit uptake of modified LDL by macrophages [3, 16] . The contradictory findings are likely due to the differences in the experimental protocols. One such difference is the experiments performed with purified CRP-E-LDL complexes devoid of free E-LDL [2] versus the experiments performed with the mixture of CRP and modified LDL [reviewed in 3]. Further investigations are expected, although based on our findings we believe that the prevention of ELDL-induced formation of macrophage foam cells is one of the host-defense functions of CRP [2] . This activity of CRP can be made more efficient by PEt because PEt increases the potency of CRP to bind atherogenic LDL.
Human CRP is not pro-atherogenic but is atheroprotective in the LDL-rich ApoB 100/100 Ldlr −/− murine model of human-like atherosclerosis [17, 18] , suggesting the possible role of CRP-LDL interactions in slowing the development of atherosclerosis. The findings that PEt-bound CRP could capture native LDL in the circulation and that PEt had a dramatic effect on CRP-E-LDL interaction raise the possibility of seeing improved atheroprotective effect in mice treated with PEt-bound CRP.
Since CRP binds to PCh on injured cells, CRP gets deposited at myocardial infarcts and activates complement to cause further injury [19] . CRP has been shown to increase the infarct size in rats undergoing experimental myocardial infarction. Accordingly, a PChbased compound was developed to inhibit the deposition of human CRP at the infarcts by blocking the PCh-binding site of CRP [20] . However, such a compound may lessen the beneficial effects of CRP on foam cell formation and atherosclerosis, because PCh inhibits CRP-LDL interaction. A PEt-based compound would inhibit the deposition of CRP at the myocardial infarcts but would not lessen the beneficial effects of CRP. It would also allow CRP to capture and inactivate native LDL and E-LDL [1, 2] .
Unanswered questions on PEt-bound CRP
The biochemical characteristics of PEt-bound CRP look promising. More functional tests of PEt-bound CRP need to be performed. As listed here, there are several unanswered questions: 
Conclusions and future perspective
Combined data support the view that CRP is beneficial and, therefore, the side effect of statins to inhibit CRP gene expression in hepatocytes and lower CRP levels may not be advantageous [21] [22] [23] . It is reasonable to conclude that if CRP is present in sufficient amount in the arterial wall and if each LDL molecule retained in the arterial wall becomes CRP-bound, CRP may be capable of preventing foam cell formation in vivo. The administration of PEt or PEt-based compounds to target endogenous CRP to form PEt-bound CRP or the administration of exogenously prepared PEt-bound CRP may be useful to capture native and modified LDL in vivo and to prevent binding of CRP to damaged cells at the myocardial infarcts. Overall, the biochemical properties of CRP and PEt-bound CRP suggest a new approach to prevent the development of atherosclerosis as an alternative to statin treatment.
Red wine has been shown to exert protective effects against heart disease [24, 25] . Red wine decreases LDL cholesterol levels and increases HDL levels and it has been proposed that wine may contain compounds responsible for these effects [26] . Although the mechanisms of the benefits of moderate wine drinking on atherosclerosis are unknown, it is interesting to note that the alcohol increases the production of PEt by the lactic acid bacteria present in the red wine [27] .
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